AD-A228  323 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 


OMB  No.  0704-4)1 88#jr.j 


Public  reporting  burden  for  tht*  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  thh 
collection  of  information,  including  suggestions  for  reducing  this  Doraen.  to  Washington  Headauaners  Services.  Directorate  for  li  formation  Operations  and  Reports,  1215  Jefferson 
Dav«  Highway.  Suite  1204.  Arlington,  VA  22202-4302.  and  to  the  Office  of  Management  and  Budget.  Paperwork  Reduction  Project  (0704-0180).  Washington.  OC  20503. 


1.  AGENCY  USE  ONLY  (Leave  blank) 


2.  REPORT  DATE 

10/15/90 


3.  REPORT  TYPE  AND  DATES  COVERED 


4.  TITLE  AND  SUBTITLE 

First  Principles  Study  of  Soliton  Hyperfine 
In  Polyacetylene 

Interactions 

6.  AUTHOR(S)  c.T.  White,  F.W.  Kutzler ,*  J . W.  Mintmi 
M.  Cook  _ _ 

DT 

re ,  and 

1C 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRE 

Naval  Research  Laboratory 
Washington,  DC  20375-5000 
(Code  6119,  C.T.  White) 


SELECTE 
OCT  29 1800 

%B 


I 


9.  SPONSORING /MONITORING  AGENCY  NAM£(S)  AND  ADDRESS(ES) 
Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217-5000 
(Code  1113PS,  P.P.  Schmidt) 


S.  FUNDING  NUMBERS 
C:  N00014-90-WX-24264 
PE:  0601153N 
PR:  RR013-01-01 
RR021-02-01 
TA:  4131059-01 
WU:  61-M193-X-0 


8.  PERFORMING  ORGANIZATION 

(REPORT  NUMBER 

Technical  Report  #  1 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


Technical  Report  # 1 


11.  SUPPLEMENTARY  NOTES  . 

♦Department  of  Chemistry,  Tenn.  Tech.  Cookville,  TN  38505 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT  “ 

This  document  has  been  approved  for  public  release  and 
sales  distribution  of  this  document  is  unlimited. 


12b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (Maximum  200  words) 

'  All  fra/w-polyacetylene  is  considered  the  prototypical  broad  band  gap  quasi  one-dimensional  organic 
semiconductor.  Intrinsic  soliton  defects  have  long  been  known  to  be  crucial  to  the  understanding  the  observed 
optical,  infrared,  and  magnetic  properties  of  this  system  at  low  doping  levels.  Magnetic  resonance  techniques 
provide  powerful  experimental  probes  into  the  nature  and  environment  of  these  ncu trail-radical  defects.  Despite 
the  importance  of  the  measured  hyperfine  tensors  in  the  further  characterization  of  these  defect  centers  very  few 
theoretical  studies  have  attempted  to  calculate  these  interactions  directly.  In  an  earlier  work  we  showed  that 
first-principles  spinTpolarized  local  density  Junctional  methods  reliably  predict  proton  Fermi-contact  coupling 
constants  for  planar,  neutral,  organicjt^adicals.  We  have  also  used  these  methods  to  calculate  the  hyperfine 
interactions  associated  with  the  soliton  defect  in  polyacetylene.  Here  we  compare  the  results  of  these  soliton 
studies  to  very  recent  experimental  results.  Our  predicted  ratio  of  the  negative  to  positive  spin  densities  is  in 
good  agreement  with  the  results  of  Mehring  el  aLr  obtained  from  triple  resonance  studies.  The  negative  spin 
densities  arise  from  spin-polarization  effects  which  also  cause  the  soliton  level  at  mid-gap  to  be  split  by  several 
tenths  of  an  eV. 

1  M.  Mehring  et  al,  Snyth.  Metals  28:  D399  (1989).  ■  L  [ 

*  Supported  in  part  by  ONR  contract  it  N0001490WX24264.  1 


14.  SUBJECT  TERMS 

Hyperfine  Interactions,  Solitons,  Deep  Levels,  Semiconducting 
Polymers 


15.  NUMBER  OF  PAGES 

4 _ 

16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

UNCLASSIFIED 
NSN  7540-0 1-280-5500 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

UNCLASSIFIED 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

UNCLASSIFIED 


I  20.  LIMITATION  OF  ABSTRACT  I 


Standard  Form  298  (Rev.  2-89) 

PrncriMd  by  ANSI  sw  «SI» 

2«S-102 


OFFICE  OF  NAVAL  RESEARCH 


CONTRACT  #  N00014-89-WX-24146 
R&T  CODE  4l2n006 — 01 
TECHNICAL  REPORT  #  1 


FIRST  PRINCIPLES  STUDY  OF  SOLITON  HYPERFINE  INTERACTIONS 

IN  POLYACETYLENE* 

C.  T.  White8,  F.  W.  Kutzlerb,  J.  W.  Mintmire8,  and  M.  Cook8 

aCode  6119 

Naval  Research  Laboratory 
Washington,  D.C.  20375 

hDepartment  of  Chemistry 
Tennessee  Technical  University 
Cookville,  TN  38505 


Abstract  of  Paper  to  appear  in  the 
Proceeding  of  the  fall  MRS  meeting 
Boston  Massachusetts 


•Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose  of  the  United  States  Government. 
This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is  unlimited. 


A  •-0* 
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FIRST  PRINCIPLES  STUDY  OF  SOLITON  HYPERFINE  INTERACTIONS 
IN  POLYACETYLENE*  .  C.  T.  White .  F.  W.  Kutzler,  J.  W.  Mint- 
mire,  and  M.  Cook,  Naval  Research  Laboratory,  Washington,  DC 
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All  frans-polyacetylene  is  considered  the  prototypical  broad  band  gap 
quasi  one-dimensional  organic  semiconductor.  Intrinsic  soliton  defects 
have  long  been  known  to  be  crucial  to  the  understanding  the  observed 
optical,  infrared,  and  magnetic  properties  of  this  system  at  low  doping 
levels.  Magnetic  resonance  techniques  provide  powerful  experimental 
probes  into  the  nature  and  environment  of  these  neutral-radical  de¬ 
fects.  Despite  the  importance  of  the  measured  hyperfine  tensors  in 
the  further  characterization  of  these  defect  centers  very  few  theoret¬ 
ical  studies  have  attempted  to  calculate  these  interactions  directly. 

In  an  earlier  work  we  showed  that  first-principles  spin-polarized  lo¬ 
cal  density  functional  methods  reliably  predict  proton  Fermi-contact 
coupling  constants  for  planar,  neutral,  organic  7r-radicals.  We  have 
also  used  these  methods  to  calculate  the  hyperfine  interactions  as¬ 
sociated  with  the  soliton  defect  in  polyacetylene.  Here  we  compare 
the  results  of  these  soliton  studies  to'  very  recent  experimental  re¬ 
sults.  Our  predicted  ratio  of  the  negative  to  positive  spin  densities  is 
in  good  agreement  with  the  results  of  Mehring  et  a/.1  obtained  from 
triple  resonance  studies.  The  negative  spin  densities  arise  from  spin- 
polarization  effects  which  also  cause  the  soliton  level  at  mid-gap  to  be 
split  by  several  tenths  of  an  eV. 
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